I nternational Journal of Veterinary Research

| solation and char acterization of Brachyspira speciesbased on
biochemical schemeand 16SrDNA partial sequencing

Razmyar,J.l, Peighambari,S.M.z*,Barin,A.2

lDepartrnent of Clinical Sciences, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad,

Iran.

2Department of Clinical Sciences, Faculty of Vieterinary Medicine, University of Tehran, Tehran, Iran.

Key words:
Avian  intestinal spirochetosis,
Brachyspira pilosicoli, poultry, 16S
rDNA, Iran.

Correspondence

Peighambari, S.M.,

Department of Clinical Sciences,
Faculty of Veterinary Medicine,
University of Tehran, P.O. Box:
14155-6453, Tehran, Iran.

Tel: +98(21)61117150

Fax: +98(21)66933222

Email: mpeigham@ut.ac.ir

Abstract:

Avian intestinal spirochetosis (AlS) is a disease of birds
characterized by a marked colonization of the cecum and/or rectum
with anaerobic intestinal bacteria of the genus Brachyspira. The
purpose of the study was to determine the occurrence of Brachyspira
spp from avian sourcesin Iran and to characterize sel ected i sol ates by
biochemical and molecular methods. Out of 165 fecal samples
obtained from commercial layer, broiler and broiler breeder chickens,
turkeys and ostriches, 16 samples were positive in phase contrast
microscopy examination and selective culture media. Biochemical
scheme, polymerase chain reaction (PCR), and sequencing of partial
sequence of 16SrDNA, reveaed that all of isolateswere Brachyspira
pilosicoli, abroad spectrum host member of thisgenusthat infectsboth
humans and animals. This is the first report on isolation and

identification of Brachyspira pilosicoli frombirdsinIran.

Received: 25 May 2011
Accepted: 14 October 2011

Introduction

Avian intestina spirochetosis (AIS) is an
infectionof birdsassociated with anaerobicintestinal
spirochetes. AlS has emerged as a widespread and
economically important problem in both the egg and
chicken meat industries in many parts of the world
(Stephens and Hampson, 2001; Bano et al., 2008;
Hampson and Swayne, 2008). The causativeagentis
now named Brachyspira, a genus containing more
than 10 official and proposed species. The organism
is weakly Gram negative, anaerobic, and spiral
shaped with a diameter that ranges from 0.25 to 0.6
pum and in length from 3 to 19 um. Light, dark field
and phase contrast microscopy examinations allow
an unequivocal diagnosis but tentative confirmation
should be achieved by isolation of bacteria,

Int.J.Vet.Res.(2011), 5,4:204-210

demonstration of spirochete antigens or through
visudization of periplasmic flagela by ultramicroscopy,
and recently by polymerase chain reaction (PCR)
assay based on genessuch as16SrDNA, 23SrDNA,
nox, or tly (Suriyaarachchi et al., 2000; Jansson et al.
2004). Species and strain typing can provide
significant datato help devise controlling measures.
Various techniques have been used to type these
microorganisms such as multilocus enzyme
electrophoresis, pulsefiel dgel e ectrophoresis, random
amplified polymorphismof DNA, and determination
of biochemical schemes using indole, hippurate
hydrolyss, o- glucosidese, B- gdactosidase, and
hemolysispattern (Fellstrémetal., 1997; Stephenset
al., 2005; Townsend et al., 2005; Rashack et d.,
2007).

In the present study, the occurrence of
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Brachyspira spp. in samples from avian sources in
Iranwasinvestigated for thefirst timein Iranand the
isolated species were characterized using biochemical
and mol ecular methods.

M aterialsand M ethods

Samples: In total, 165 fecal samples were
obtained from commercial layers, broiler and broiler
breeder chickens, turkeys, and ostriches during the
years 2005-2008 (Tablel). Sampleswere characterized
as"'symptomatic” or "asymptomatic”, i.e. symptomatic
samples originated from flocks with dirty vent or
eggs, or fromindividualswithlooseandwatery feces.
Samples were transferred to the laboratory in cold
condition in sterile tubes that contained transport
media (2 ml brain heart infusion broth containing:
spectinomycin 500 mg/L, colistin and vancomycine
each25mg/L).

Bacteriological procedures: In the laboratory,
the sample tubes were shaken to achieve
homogeneity, and then a wet smear of each sample
was prepared to detect the spirochetes using phase
contrast or dark field microscopy (x400). Isolation
procedure was performed as described previously
(Fellstrometal., 1995) withminor modifications, i.e.
incubation temperature was set at 40°C and the
spectinomycin concentration in the selective
medium was at 500 pg/ml.

Biochemical identification: B-Hemolysis was
classified as strong or weak. Indole production was
performed by both spot inocul ation test and tube test
(BHI broth containing 2 % tryptophan, 5% heat
inactivated horse serum) as described previously
(Fellstrém et al., 1995). o-Galactosidase and B-
glucosi daseactivity weredetermined usng commercial
tablets(Diatabs®, Rosco Diagnostic, Denmark).

Polymerase chain reaction (PCR): To extract

bacterial DNA, the method of Fellstrém et al. (1997)
was used with some modifications. Briefly, each
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bacteria isolate was cultured on atryptic soy agar
(TSA) platefor 3-7 days, then harvested, suspended
in 0.5 ml phosphate-buffered saline (PBS), washed
two times, re-suspended in 0.2 ml double distilled
water, and finally boiled for 15 min. The suspension
was chilled at -20°C for 10 min, centrifuged at
12,000x g, the supernatant was removed and used as
templateDNA in PCRreactions. Thesupernatant was
stored at -20°C for further use.

To choose a suitabl e primer, the sequences of the
16SrDNA (rRNA) from different Brachyspira spp.
previousy deposited in GenBank by other researchers
(Table 2) were selected and aligned. Based on this
sequence data analysis, a set of primers were
designed to amplify a segment of the gene that
contained the most variable part of the 16S rDNA
(rRNA) among all species. Finally, the sequences of
primers used in this study for the amplification of a
230-bp product were as follows: forward (Br-109):
5-ATAACCCATGGAAACATGGAC-3 and reverse
(Br-129): 5-TCCATTGTGGAAGATTCTCAG-3.
Amplification reactions were carried out in a 50-L
reactionvolumesthat contained 5l 10x PCR buffer,
1wl dNTPsmixture (10 mM/ul), 2 ul of each primer
(20 pmol/ul), 0.3 ul Tag DNA polymerase (5 U/ul),
2ul MgCl, (50 mM/ul), 5 ul template DNA, and
dH,O uptoas0ul final volume. Inall PCR reaction
sets, negative controls (dH,0 instead of template
DNA) wereincluded. Amplification was programmed
inathermocycler (Gradient Mastercycler, Eppendorff,
Germany) as follows: 35 cycles of denaturation at
95°Cfor 30s,annealingat 61°Cfor 25sandextension
at 72°C for 30 s. The amplification products were
detected by gel electrophoresisin1.5%agarosegel in
1 TAE buffer followed by ethidium bromidestaining
(Sambrook andRussell, 2001). Theprimersand other
materials used in PCR reaction were provided from
CinnaGen Inc. (Tehran, Iran).

Sequencing and phylogenetic analysis. Four
isolatesweresel ected for sequenceanalysisof partial
16S rDNA (230 bp). PCR products were purified
using the Roche purification kit (Roche Molecular
Biochemicals, Germany) and submitted for
automated sequencinginbothdirectionsattheMWG
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Table 1: Sourcesof samplesand cultureresults. Pos.= Positive, Symp.= Symptomatics, Asymp. = Asymptomatic.

Host Population Pos./Samples .gmy2\.20d Pos./Asymp.
Caged layer 50000 6/30 5/15 115
Caged layer 20000 3/20 3/15 -
Caged layer 10000 /10 1/10 -
Broiler breeder 20000 0/20 - -
Broiler 50000 0/20 - -
Broiler 30000 0/10 - -
Broiler 20000 0/10 - -
Turkey (backyard) 10 /10 1/10 -
Turkey (commercial) 1000 0/10 - -
Ostrich 50 0/5 - -
Ostrich 110 5/6 5/6 -
Ostrich 100 0/4 - -
Total 201270 16/165 15/56 115
Table2: List of isolatesand strains used for comparison in thisstudy.
No. Strain Accession no. Source
1 SRBP5IR (B. pilosicali) EF436593 Layer
2 SRBP17IR (B. pilosicoli) EF436591 Ostrich
3 SRBP20IR (B. pilosicoli) EF436592 Ostrich
4 SRBP22IR (B. pilosicoli) EF436595 Turkey
5 B. hyodysenteriae B78 U14930 Pig
6 B. hyodysenteriae B2 EF517540 Pig
7 B. hyodysenteriae B204 U14932 Pig
8 B.intermedia PWS/A U23033 Pig
9 B. suanatinaAN3949: 2/02 AY 352290 Mallard
10 B. suanatinaAN4859/03 DQ473575 Pig
11 B. pilosicoli P43/6/48 U14927 Pig
12 B. innocens B256 U14920 Pig
13 B. murdochii C301 u14917 Pig

Co. (Germany) using PCR primers as sequencing
primers. Nucleotide sequencedatawerealigned with
the Clusta alignment algorithm. Phylogenetic
analysis based on nucleotide sequences was
conducted using a distance method (UPGMA) by
calculating bootstrap values for 1000 replicates in
CLC Sequence Viewer 6 program (CLC Bio). The
sequence datawere submitted to GenBank under the
accession numbers shown in Table 2. The accession
numbers for other known Brachyspira spp.
sequences used for multiple alignment analysis are
alsoshowninTable2.
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Results

Bacteriological findings: Sixteen of the 165
feca samples were positive for growth of
Brachyspira spp by selective culture confirmed by
phase contrast microscopy (Table 1). Two thirds of
positive sampleswereisolated from layers. A strong
epidemiological relation to diarrhea in layers was
found since 15 of the 65 "symptomatic” but only one
of the15"asymptomatic" samplestakenwaspositive
for Brachyspiragrowth. Nobroiler or broiler breeder
farms were found to be positive. An interesting
finding was the isolation of B. pilosicoli from
recently imported common ostriches (Sruthio
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Table3: Biochemical and partial and compl ete sequencing findings. o-gal = o-galactosidase, 3-glu = -glucosidase, ND = Not Done, D
=Done, C = Compl ete sequencing, P= Partial sequencing, L = both bacteriawerelost during sub-culturing and no further analysiswas

possible.
o  |Hemolys . PCR16S PCR16S . .
Designation | Origin s o-gal B-glu | Indole [Hippuratel rDNA(Comp. | rDNA(Partia |2siosce bstsoibnil
Seq.) seq)

SRBP5IR Layer + + Weak D D B. Pilosicoli
SRBP17IR | Ostrich + + Weak D D B. Pilosicoli
SRBP18IR | Ostrich + + +/- Weak D D L
SRBP20IR | Ostrich + + Weak D D B. Pilosicoli
SRBP22IR | Turkey + + Weak D D B. Pilosicoli
SRBP25IR | Ostrich + + +- Weak ND ND L

camelus) in a herd that was suffering from severe
diarrheaand mortality (Table 1).

Biochemical identification: All isolates recovered
wereweakly hemolytic. According to the performed
biochemical tests, all avail ableisol atesfromdifferent
hostsdemonstratedidentical patternsin phenotyping
determination (Table 3).

PCR, sequencing, and phylogenetic analysis:
PCR and sequencing of partial sequence of 16S
rDNA, revealed that all of isolateswere Brachyspira
pilosicoli, a broad spectrum host member of this
genus (Fig. 1). Different reactionsin 3-glucosidase
testinisolate (SRBP18IR) and resultsfrom complete
sequencing performed by Karl-Erik Johansson
(Division of Bacteriology and Food Safety,
Department of Biomedical Sciences and Veterinary
Public Health, The Swedish University of Agricultural
Sciences, Uppsala, Sweden) reved edthecontamination of
SRBP18IR culturewith Ral stonia pi cketti, amember
of the family Burkholderiaceae. In addition to our
partial sequencing, the complete sequencing was
performed on isolates 5, 17, 18, 20, and 22 by the
above laboratory in Sweden for re-confirmation of
our results. The isolate SRBP25IR was lost during
sub-culturingand nofurther analysiswasdoneonthis
isolate. The 16S rDNA sequencing of isolate
SRBP5IR with alength of 1431 nucleotidesresulted
in no ambiguous positions. It wasvery similar to the
type strain P43/6/48 of Brachyspira pilosicoli with
only two nucleotide differences. The sequences of
other isolates (SRBP17IR, SRBP20IR, and SRBP22IR)
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wereidentical to that of isolate SRBP5IR.

Discussion

Inthisstudy, for thefirst timeinIran, the occurrence
of Brachyspira spp. in birds was demonstrated. Out
of 165 fecal samplesobtained from different typesof
birds, 16 samples were found to be positive.
Biochemical scheme and sequencing of partia
sequences of 16S rDNA identified all isolates as B.
pilosicoli, a broad spectrum host member of this
genusthat infects both humansand animals.

Avian intestinal infection has been reported in
different countries. In a report by Stephens and
Hampson (2001), they noted a high rate of infection
(> 40%) in 136 layer and broiler breeder flocks that
were examined for the intestinal spirochetes. Myers
etd. (2009) reported Brachyspirapilosicali prevaencein
laying flocks in Pennsylvania, USA. They detected
10.7% positive samples from five flocks (23.8% of
flocks) and a within-flock prevalence of 8%-82%.
Thehigh preval ence (100%) of intestinal spirochetes
in caged laying hensin our study may bedueto their
prior infection during the growing period on thefloor.
Poor staining characterigticsof spirochetesanddifficulties
intheir isolation procedures might be the reason for the
|essattentionof poultry veterinariansand researchers
to thisanaerobic pathogen. Failure of demonstration
andisolation of bacteriain breeder farmsinour study
may have been affected by interval usage of tylosin
phosphateprogramstocontrol Mycoplasmagallisepticum
infection in the majority of Iranian breeder farms or
administration of high biosecurity measuresin these
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Figure 1: Electrophoresis of RT-PCR amplified 230 bp
productsof the 16SrDNA geneon 1.5% agarosegel and stained
with ethidium bromide.. Lane 1, negative control; Lanes 2-5,
positive samples; M, 100 bp ladder.

types of farms. The negative resultsin broiler farms
corresponded with findings of Stephens and Hampson
(1999) in eastern Augtraliathat Brachyspira spp. were
not isolated from broiler farms. However, they
reported a 42.9% and a 68.2% positive presence in
broiler breeder and layer flocks, respectively. There
are many reports of severe necrotic typhilitis in
common rheas (Rhea Americana) induced by B.
hyodysenteriae (Sagartz et al., 1992, Buckles et al.,
1997). In our study, the presence of Brachyspirawas
demonstrated in one of three ostrich farmsthat were
sampled.

Fellstrom et a. (1996) emphasized that -
hemolysis criteria were only able to differentiate
strongly B-hemolytic B. hyodysenteriae from other
weak B-hemolytic intestinal spirochetes (WBHIS)
and that additional criteria are required for
distinguishing among WBHISs. They indicated that
therewasapossible presence of severa biochemical
variants of WBHISs in the same herd of pigs that
supports our results in ostrich farm, in which we
observed two different patterns. Based on the
conventiona biochemical tests, all of our isolates
wereidentified asB. pilosicoli.

The Sequencing of partial sequenceof 16SrDNA
revealed that all of our isolates were Brachyspira
pilosicoli confirming the biochemical patternsof the
isolates. However, the agreement between the
biochemical pattern and the genotypic profile has
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been disputed among researchers. Pettersson et al.
(1996) reported 99% homology in 16S rRNA
sequencing but interestingly the results were in
agreement with the biochemical groups reported by
Fellstrom and Gunnarsson (1995) in porcine
intestinal spirochetes (PI1S). Fellstrdom et al. (1997)
represented aspecific PCR for thebiochemical group
IV of PISs (B. pilosicali) and emphasized on this
opinion that classification according to biochemical
tests reflected the genotypes based on 16S rRNA.
Fisher et al. (1997) adso reported the similar
classification schemes using flaAl RFLP patterns,
MEE, and biochemical tests. Fellstrom and
Gunnarsson (1995) presented aseriesof biochemical
tests (hemolysis, indole production, hippurate
hydrolysis, B-glucosidase and [-galactosidase
production) for phenotyping of 163 porcine isolates
and placed them in four main groups and six
subgroups. However, Rohde et a. (2002) compared
molecular and conventional biochemical tests and
indicated that because of variation in biochemical
tests, genotyping must be preferred to phenotyping.
Fossi and coworkers (2004) reported the presence of
hippurate-negative isolates of B. pilosicoli that
shared 99.16% homology in 16S rDNA sequence
with hippurate-positive ones. Rasbéck et al. (2006)
compared biochemical test and a duplex-PCR and
concluded that culture and biochemical test were
more sensitive than PCR for detection of f.
hyodysenteriae but that the conclusion was opposite
for B. pilosicoli. However, interestingly, they reported
an isolate phenotypicdly as . hyodysenteriae but
genetically distinct from this species that was in
contrast with their final conclusion. Based on earlier
works even emphasis on genotyping methods alone
could notyield aproper classificationinthisgenusof
bacteria. High homology in 16S rDNA (rRNA)
sequence may reflect the recent evolution of this
bacterial species.

In conclusion, this study documents the first
report of Brachyspira spp. isolation and
identification from poultry flocksin Iran. It appears
that the proper classification of Brachyspira spp.
requires the use of al available methods in
specialized laboratories to establish a new robust
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method. Moreover, the use of nonspecies-specific
primers and sequencing, instead of species-specific
and RFLP patterns that undergo point mutation
changesby point mutations, are preferred. The study
of pathogenicity and the determination of drug
resistancepatternsinour Brachyspiraisolatesarethe
futuregoalsinour laboratory.

Acknowledgments

The authors wish to thank Professor D. J
Hampson (Division of Veterinary and Biomedical
Sciences, Murdoch University, Australia); and
Professor C. Fellstrom and K .E. Johansson (Division
of Bacteriology and Food Safety, Department of
Biomedica Sciences and Veterinary Public Health,
The Swedish University of Agricultural Sciences,
Uppsala, Sweden) for their helpful advices and
technical helps. This research was supported by a
grant (no. 7508007/1/1) from the Research Council
of the University of Tehran.

209

References

. Bano, L., Meriddi, G, Bonilauri, P, Dal'Anese, G,

Capello, K., Comin, D., Cattoli, G, Sanguinetti, V.,
Hampson, D.J., Agnoletti, F. (2008). Prevalence,
disease associations and risk factors for colonization
with intestinal spirochaetes (Brachyspira spp.) in
flocks of laying hens in north-eastern Italy. Avian
Pathol. 37:281-286.

. Buckles, E.L., Eaton, K.A., Swayne, D.E. (1997)

Cases of spirochete-associated necrotizing typhlitis
in captive common rheas (Rhea americana). Avian
Dis. 41:144-148.

. Fellstrom, C., Gunnarsson, A. (1995) Phenotypical

characterization of intestinal spirochetes isolated
from pigs. Res. Vet. Sci. 59:1-4.

. Felstrém, C., Pettersson, B., Uhlén, M., Gunnarsson,

A., Johansson, K.E. (1995) Phylogeny of Serpulina
based on sequence analyses of the 16S rRNA gene
and comparison with a scheme involving biochemical
classification. Res. Vet. Sci. 59:5-9.

. Fellstrom, C., Pettersson, B., Johansson, K.E.,

Lundeheim, N., Gunnarsson, A. (1996) Prevalence of
Serpulina species in relation to diarrhea and feed
medication in pig-rearing herds in Sweden. Am. J.
Vet. Res. 57:807-811.

. Fdlsrém, C., Pettersson, B., Thomson, J., Gunnarsson, A,

Persson, M., Johansson, K.E. (1997) I dentification of
Serpulina species associated with porcine colitis by
biochemical analysis and PCR. J. Clin. Microbiol.
35: 462-467.

. Fisher, L.N., Mathiesen, M.R., Duhamel, GE. (1997)

Restriction fragment length polymorphism of the
periplasmic flagellar flaAl gene of Serpulina species.
Clin. Diagn. Lab. Immunol. 4:681-686.

. Fossi, M., Pohjanvirta, T., Sukura, A., Heinikainen,

S., Lindecrona, R., Pelkonen, S. (2004) Molecular
and ultrastructural characterization of porcine
hippurate-negative Brachyspira pilosicoli. J. Clin.
Microbiol. 42: 3153-3158.

. Hampson, D.J., Swayne, D.E. (2008) Avian intestinal

spirochetosis. In: Diseases of poultry, (11th ed.) Saif,
Y.M., Fadly, A., Glisson, J., Mcdougald, L., Nolan,

Int.J.Vet.Res.(2011), 5,4:204-210



Peighambari, S.M

I nternational Journal of Veterinary Research

L., Swayne, D.E. Blackwell Publishing Professionals,
Ames, lowa, USA. p. 922-940.

10. Jansson, D.S., Johansson, K .E., Olofsson, T.; Rashack,
T., VA¥gsholm, |., Pettersson, B., Gunnarsson, A.,
Fellstrom, C. (2004) Brachyspira hyodysenteriae and
other strongly beta-haemolytic and indole-positive
spirochetesisolated from mallards (Anas platyrhynchos).
J. Med. Microbiol. 53: 293-300.

11. Myers, S. E., Dunn, P. A., Phillips, N. D., La, T,
Hampson, D.J. (2009) Brachyspira intermedia and
Brachyspira pilosicoli are commonly found in older
laying flocks in Pennsylvania. Avian Dis. 53: 533-
537.

12. Pettersson, B., Fellstrém, C., Andersson, A., Uhlén,
M., Gunnarsson, A., Johansson, K.E. (1996) The
phylogeny of intestinal porcine spirochetes (Serpulina
species) based on sequence analysis of the 16SrRNA
gene. J. Bacteriol. 178:4189-4199.

13. Résback, T., Fellstrom, C., Gunnarsson, A., Aspan,
A. (2006) Comparison of culture and biochemical
testswith PCR for detection of Brachyspira hyodysenteriae
and Brachyspira pilosicoli. J. Microbiol. Methods.
66:347-353.

14. Rasbéck, T., Johansson, K. E., Jansson, D. S,
Fellstrom, C., Alikhani, M. Y., La, T., Dunn, D. S,
Hampson, D.J. (2007) Development of a multilocus
sequence typing scheme for intestinal spirochetes
within the genus Brachyspira. Microbiology. 153:
4074-4087.

15. Rohde, J., Rothkamp, A., Gerlach, G. F. (2002)
Differentiation of porcine Brachyspira speciesby a
novel nox PCR-based restriction fragment length
polymorphism analysis. J. Clin. Microbiol. 40: 2598-
2600.

16. Sagartz, J.E., Swayne, D.E., Eaton, K.A., Hayes,
JR., Amass, K.D., Wack, R., Kramer, L. (1992)
Necrotizing typhlocolitis associated with a
spirochete in rheas (Rhea americana). Avian Dis. 36:
282-289.

17. Sambrook, J., Russell, D.W. (2001) In: Molecular
cloning: A laboratory manual, (3rd ed.) Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New

Int.J.Vet.Res.(2011), 5,4:204-210

York.

18. Stephens, C.P,, Hampson, D.J. (1999) Prevalence and
disease association of intestinal spirochetes in
chickensin eastern Australia. Avian Pathol. 28:447-
454,

19. Stephens, C. P, Hampson, D. J. (2001) Intestinal
spirochete infections of chickens: areview of disease
associations, epidemiology and control. Anim.
Health Res. Rev. 2: 83-91.

20. Stephens, C.P, Oxberry, S.L., Phillips, N.D., La, T.,
Hampson, D.J. (2005) The use of multilocus enzyme
electrophoresis to characterize intestinal spirochetes
(Brachyspira spp.) colonising hens in commercial
flocks. Vet. Microbiol. 107: 149-157.

21. Suriyaarachchi, D. S., Mikosza, A. S., Atyeo, R. F.,
Hampson, D. J. (2000) Evaluation of a 23S rDNA
polymerase chain reaction assay for identification of
Serpulinaintermedia, and strain typing using pulsed-
field gel electrophoresis. Vet. Microbiol. 71: 139-
148.

22. Townsend, K.M., Giang, V.N., Stephens, C., Scott,
PT., Trott, D.J. (2005) Application of nox-restriction
fragment length polymorphism for the differentiation
of Brachyspira intestinal spirochetesisolated from
pigs and poultry in Australia. J. Vet. Diagn. Invest.
17: 103-109.

210



